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(7) ABSTRACT

The invention relates to a method for producing hollow
nickel titanium profiles with a small external diameter
and/or small wall thickness by means of deformation, espe-
cially extrusion. According to the inventive method, a com-
posite block is formed, comprising a solid core and one or
several hollow blocks surrounding said core. The core and
the hollow blocks are made of nickel titanium. The parts of
the composite block are separated after deformation to
obtain a wire (3a), a tube (1a) with a small diameter and a
tube (5a) with a larger diameter.

18 Claims, 6 Drawing Sheets
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METHOD FOR PRODUCING HOLLOW
NICKEL TITANIUM PROFILES

The invention concerns a method of producing hollow
profiles, in particular tubes, having a small external diameter
and/or small wall thickness, made from a nickel titanium
alloy by shaping a composite block.

Alloys having approximately the same amount of tita-
nium and nickel atoms exhibit special effects leading to their
designation as shape memory alloys. The effects are based
on a thermoelastic martensitic phase change, i.e. a
temperature-dependent change in the crystal structure: at
high temperatures the alloy is austenitic; at low temperatures
it is, however, martensitic. According to T. W. Duerig and H.
R. Pelton (“TI-NI Shape Memory Alloys”, in: Materials
Properties Handbook: Titanium Alloys, 1994, pages
1035-1048, ASM International 1994), shape memory alloys
have two properties which should be distinguished from
another. Alloys with a titanium content between 49.7 and
50.7 atom % have a thermal shape memory, also called
shape memory, and alloys with a titanium content of 49.0 to
49.4 atom % have a mechanical shape memory, also called
super-elasticity.

In addition to binary nickel titanium alloys, other alloys
can also have these properties. A shape memory alloy can
contain ternary components (e.g. iron, chrome or
aluminium). The ratio between nickel and titanium and the
presence of ternary additions strongly influence the marked-
ness of the thermal and mechanical shape memory. Even
slight concentration variations cause large changes in the
material properties.

When using thermal shape memory for building
components, an alloy of suitable composition is
transformed, without diffusion, from an austenitic to a
martensitic structure by cooling. Subsequent shaping of a
component produced from this alloy can be reversed by
thermal treatment thereof (heating to temperatures above a
certain transition temperature). The original austenitic struc-
ture is thereby reproduced and the component adapts to its
original shape. The transition temperature is usually the
temperature at which the martensite is completely changed
to an austenite. The transition temperature depends largely
on the composition of the alloy and the loading of the
component. Components having a thermal shape memory
can cause movements and/or exert forces.

The mechanical shape memory effect occurs in a com-
ponent made from a suitable alloy of austenitic structure
when the construction unit is shaped within a certain tem-
perature range. It is thereby energetically more favorable for
the austenitic structure to change into a martensitic structure
when loaded, wherein elastic expansions of up to 10 percent
can be achieved.

Upon load relief, the structure returns to the austenitic
phase. Components made from such an alloy can therefore
store shaping energy.

Conventional alloys having the above-described proper-
ties are designated as Nickel Titanium, Titanium Nickel,
Teenee, Memorite®, Nitinol, Tinel®, Flexon® and Shape-
Memory-Alloys. These terms do not refer to one single alloy
of a certain composition, but to a family of alloys having the
described properties.

Many technical fields, e.g. medical technology and
mechanics, are highly interested in use of components made
from shape memory compositions due to the particular
properties of nickel titanium alloys. In mechanical
applications, they can e.g. be used for switching elements,
actuating elements or valves. Shape memory alloys are also
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used to an increasing degree in medical technology, since
components made from such alloys are biologically
acceptable, fatigue-resistant and have also good flexibility as
superelastic alloys.

Stents, catheters and endoscopic and laparoscopic instru-
ments for minimum-invasive diagnosis and therapy are
examples for use of nickel titanium alloys in medical
technology, the intermediate product being a nickel titanium
tube. Intermediate products in the form of tubes, in
particular, of small external diameter, are also required for
other applications.

Large-scale use of nickel titanium tubes and instruments
is curtailed inter alia by the currently high price thereof
which, in turn, results from the conventional methods for
producing the tubular intermediate product.

Conventionally, nickel titanium tubes are produced by
drilling forged bars. The tubes typically have an external
diameter of between 12 and 25 mm. Due to the poor cutting
property of nickel titanium alloys, the deep hole drilling
method is difficult and results in short service life for the
tools, long processing times and high production costs for
the tubes. In addition, there is large material loss, in
particular, when producing thin-walled tubes. The cuttings
produced during drilling or turning on the lathe are waste
material.

European patent document 0459909 describes manufac-
ture of seamless tube from a corrosion-resistant alloy, con-
sisting almost exclusively of titanium, using a tube extrusion
method. In the method, a perforated press block is pressed
through a gap between a press mandrel and a die using
punch pressure. After subsequent shaping, the tubes gener-
ated in this manner serve e.g. for heating salt water in sea
water desalination plants and as heat exchanger tubes in
chemical production plants.

Due to the unfavorable shaping behavior of nickel tita-
nium alloys, only tubes with a large external diameter (more
than 40 mm) can be extruded economically using such a
method. The extrusion of tubes having a smaller diameter is
expensive since, due to the lack of cooling, it is not possible
to achieve a sufficiently long tool service life in the tem-
perature range dictated by the material. Moreover, the man-
drels break off easily during extrusion, leading to a large
amount of waste. The very large formation resistance of
nickel titanium alloys at very high formation temperatures
prevents production of small, thin tubes, since the press
mandrel cannot withstand the high thermal and mechanical
tensile loads which occur. According to prior art, therefore
tubes having a large external diameter are initially pre-
fabricated by tube extrusion and subsequently shaped into
tubes of the desired small diameter using additional expend-
ing processing steps, e.g. drawing and rolling. Due to the
advantages of nickel titanium alloys, in particular of shape
memory alloys, these disadvantageous costs associated with
the demanding production procedures are accepted in prior
art.

WO 96/17698 discloses a method for lost core extruding
of composite blocks without using a press mandrel. A block
hollowed-out by drilling is filled with a steel core and both
are extruded once together. The geometrical shape of the
hollow extruded product depends on the geometrical shape
of the extrusion die and of the core. The larger the core
relative to the extrusion die, the thinner the wall. When
thin-walled tubes are produced, this type of block prepara-
tion therefore results in considerable material waste, which
is a substantial disadvantage with nickel titanium alloys.
Moreover, in this method, the shaping process disadvanta-
geously results in the metal core forming an intimate metal-
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lic connection with the nickel titanium material in the
extruded product such that an additional processing step is
required to remove the core material for obtaining a hollow
extruded product, e.g. by drilling out and/or chemically
removing the core material. Moreover, a desired small
profile dimension cannot be achieved in all cases in a single
extrusion of the composite block.

It is the underlying purpose of the invention to provide a
method for the production of hollow profiles or tubes made
from a nickel titanium alloy having a small external diam-
eter and/or a small wall thickness in an inexpensive and
effective manner. The hollow profiles or tubes may have any
cross-sectional shape. The designation tube therefore refers
to any profiled tube or hollow profile.

This object is achieved with a method for producing
hollow profiles, made from a nickel titanium alloy, having
small external diameters and/or small wall thickness through
shaping of a composite block, wherein, in a first step, a
composite block is formed comprising a solid core of a
nickel titanium alloy, a first hollow block of a nickel
titanium alloy surrounding the core, and a separating layer
disposed between the first hollow block and the core. In a
second step, the composite block is shaped by a formation
method. In a third step, the first hollow block shaped into a
first hollow profile and the shaped core are separated out
from the shaped composite block.

The invention simplifies production effort and reduces
nickel titanium waste by stabilizing the hollow block with a
core during shaping, wherein the shaped core itself, with
regard to its material as well as its shape, is suitable for
further use. In accordance with the invention, the core is
made from a nickel titanium alloy. The core, shaped into a
solid full profile, can e.g. subsequently be used as wire or as
an intermediate product in further processing steps. This
reduces waste of the expensive initial material used in
production.

In the method in accordance with the invention, an initial
nickel titanium material is therefore divided into zones and
the intermediate spaces are filled with a separating layer, e.g.
a non-metal powder material, which does not bind to nickel
titanium. The dimensions of the shaped products depend on
the geometrical shape and the zone division in the composite
block and on the formation method selected. The number
and diameter of the individual zones can thereby be varied
and depend on the shaped products desired.

The material forming the separating layer prevents con-
tact among the individual zones before, during and after
formation of the composite block to facilitate easy separa-
tion of the individual constituents of the shaped composite
block from one another after shaping.

The shaping method can be varied. In a first advanta-
geous embodiment, the composite block is extruded. The
composite block is a heated up press block disposed in a
block recepticle of a press and is extruded through a die
opening by the pressure of a punch. The hollow block which
is to be extruded into a tube is thereby stabilized during
extrusion with a core inserted therein. The core can be
removed after extrusion. In this respect, the method in
accordance with the invention is analogous to one step of a
multiple composite extrusion method. However, in contrast
to the conventional, multiply repetitive composite extrusion,
single extrusion may be sufficient. In addition, the obtained
composite extrusion components are separated after extru-
sion to obtain a tube.

In contrast to tube extrusion, the method in accordance
with the invention permits lower pressure extrusion opera-
tion which reduces wear of the pressing tools. Due to the
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small external diameter of the tube produced in accordance
with the invention, optional subsequent shaping operations,
e.g. cold-drawing, can be initiated with a smaller external
diameter to save processing steps.

In a different advantageous embodiment of a shaping
method, the composite block is formed by a warm-drawing,
cold-drawing, rolling, round-hammering or pilger method.

In accordance with the invention, the tube is stabilized by
the core during shaping. Within the scope of the invention,
tubes can thereby be produced having a small external
diameter and/or small wall thickness in an effective and
inexpensive manner, despite the unfavorable shaping behav-
ior of nickel titanium alloys having, in general, maximum
shaping ratios during extrusion of 20:1.

The invention proposes various ways of producing the
original composite block to be formed. In a first advanta-
geous variant, the core is inserted into the first hollow block,
in particular into a hollow profile, and preferably into a tube.
Within the scope of the invention, a tube is a tube-shaped
hollow block. Here, and also in other variants in accordance
with the invention, it may be advantageous to form the
composite block with one or more additional hollow blocks
arranged around the first hollow block with a separating
layer between each of the neighboring hollow blocks,
wherein the composite block, comprising the several hollow
blocks and the core, is shaped in the second step. This is
particularly advantageous for producing several thin-walled
hollow profiles in one formation step.

Moreover, it can be advantageous to form the composite
block by inserting several hollow blocks, in particular hol-
low profiles, preferably tubes, into one another. In this
respect, the previous and subsequent description equally
applies to hollow blocks, hollow profiles, and tubes.

The hole in the hollow block for insertion of the core can
be drilled or milled into a block or through a block. Since
this always entails loss of material, even if the hole, except
for the separating gap, is filled with a solid profile, an
advantageous feature of the invention suggests forming the
composite block, a hollow block or the core using cavity
sink EDM or wire EDM in a solid nickel titanium block, a
hollow nickel titanium block, or another nickel titanium
workpiece.

It has been surprisingly shown within the scope of the
invention, that electrical discharge machining, in particular
using cavity sink EDM or wire EDM, facilitates advanta-
geous processing of nickel titanium workpieces, especially
when a part, in particular a solid core or a hollow profile, is
taken out or separated from a block. Use of a tube-shaped
electrode made from copper or from a copper alloy is
preferred.

The method in accordance with the invention is directed
towards the production of tubes made from a nickel titanium
alloy, in particular a shape memory alloy as described above.
The alloys used may be binary or may also contain ternary
additives. The method serves preferably for producing tubes
made from a nickel titanium alloy having super-elastic
properties. The core, shaped into a solid full profile, also
preferably has super-elastic properties.

With extrusion, the external diameter of the extruded
composite block and therefore of the outer tube depends on
the diameter of the opening in the die which cannot be
arbitrarily small. The smaller the opening, the larger the
pressure which must be used for extrusion and the shorter
the service life of the pressing tools. In a preferred
embodiment, the shaped composite block is inserted, before
removal of the narrowed core, into a second hole fashioned
in an additional hollow block made from a nickel titanium
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alloy to produce tubes of smaller external diameter. A
multiple composite block is thereby made comprising the
additional perforated hollow block and the first shaped
composite block with the narrowed core, wherein the second
composite block formed in this manner, comprises a sepa-
rating layer between the first composite block, serving as a
core, and the second composite block. A multiple composite
bar is then extruded from the multiple composite block to
thereby reduce the diameter of the additional perforated
hollow block, the first hollow block and the core. This
procedure can also be applied to composite blocks having
several layers and to other shaping methods.

The shaped multiple composite block comprises a second
tube formed from the second narrowed hollow block, the
first additional narrowed tube and the additional narrowed
core. After formation, the tubes are separated and the nar-
rowed core removed. This two-step shaping process, e.g.
extrusion, permits use of a larger die opening which is
advantageous with regard to the required pressing power and
the service life of the pressing tools. After separation of the
tubes and removal of the core, two extruded tubes of
different diameters are available for further processing.

If even smaller dimensions are desired, in particular for
the innermost, smallest tube, formation or extrusion can be
advantageously repeated once or a plurality of times until a
predetermined external diameter for the smallest tube is
achieved. Towards this end, the formed multiple composite
block is inserted into another hole fashioned in an additional
hollow block before the tubes are separated and the core
removed, and the multiple composite block thereby formed
is shaped to produce another tube. Insertion and shaping can
be repeated, wherein an additional tube is made in each
formation step. When this multiple step shaping or extrusion
(multiple composite extrusion) is completed, all of the
formed tubes are separated and the narrowed core is
removed.

When the method in accordance with the invention is
repeated once or a plurality of times, the once or repetitively
narrowed core can also be removed along with the first
innermost tube of the narrowed block (optionally together
with one or more additional tubes neighboring the first tube),
to subsequently insert a different core of nickel titanium or
another material into the remaining block, which, in turn,
can then be further reduced, i.e. either in its present form or
after insertion into a further hollow block. Tubes with a
uniform, small diameter can thereby be produced, wherein
less tubes of larger diameter result.

Before formation, one hole is fashioned in each block or
in each of the required hollow blocks, having e.g. a diameter
between 10 mm and 60 mm, preferably between 20 mm and
40 mm. The hole is preferably eroded but can also be
produced in the material in a different manner. In compari-
son to a blind hole, a through-hole has the advantage that,
during formation, in particular extrusion, no solid piece, i.e.
a section of the extruded bar without core, is generated
which must initially be separated to produce a tube and
which represents waste material.

In a preferred variant of the method, the composite block
is shaped to a diameter which corresponds essentially to the
diameter of the first hole of the core prior to formation. In
this manner, the shaped composite block can be inserted into
an additional hollow block having the same core diameter as
the previous hollow block for forming a multiple composite
block.

Advantageously, the multiple composite block can be
shaped to a diameter corresponding essentially to the diam-
eter of the composite block, serving as a core, before
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formation. In this way, the shaped multiple composite block
can be inserted into a further hollow block having the same
core diameter for forming a further multiple composite
block.

The required diameter of the shaped composite block or
multiple composite block is effected by appropriate dimen-
sioning of the shaping tools. These method variants have the
advantage that holes of uniform diameter can be formed in
the required hollow blocks to reduce block preparation
requirements.

In an advantageous manner, the external diameter of the
first hollow block or tube after the first shaping step is less
than 40 mm, preferably less than 25 mm. The smaller the
external diameter of the produced tube or tubes, the larger
the cost reduction for subsequent shaping operations. The
wall thickness of a thin-walled tube is generally between 2%
and 10% of the external diameter.

The invention is explained in more detail below by
means of the embodiments, schematically illustrated in the
drawings.

FIG. 1 shows a longitudinal section through a composite
block;

FIG. 2 shows a longitudinal section through a core press
block;

FIG. 3 shows a longitudinal section through a core;

FIG. 4 shows a schematic illustration of a device for
direct extrusion,

FIG. 5 shows a schematic illustration of a device for
indirect extrusion;

FIG. 6 shows a partial longitudinal section through a
formed composite block;

FIG. 7 shows a longitudinal section through a multiple
composite block;

FIG. 8 shows a partial longitudinal section through a
formed multiple composite block;

FIG. 9 shows a cross-section of a wire EDM block
divided into three zones;

FIG. 10 shows a longitudinal section of FIG. 9;

FIG. 11 shows a cross-section of an EDM cavity-sunk
block divided into three zones;

FIG. 12 shows a longitudinal section of FIG. 11;

FIG. 13 shows the block prepared for extrusion, in
accordance with FIG. 9;

FIG. 14 shows a longitudinal section of FIG. 13;

FIG. 15 shows the block prepared for extrusion in
accordance with FIG. 11;

FIG. 16 shows a longitudinal section of FIG. 15;

FIG. 17 shows a longitudinal section of the composite
block of FIG. 14 or 16 during extrusion;

FIG. 18 shows the separating of the formed composite
block of FIG. 17,

FIG. 19 shows a cross-section in accordance with FIG.
11; and

FIG. 20 shows the cross-section of FIG. 19 after forma-
tion.

The first hollow block 1 of FIG. 1 is made, e.g. forged,
from a shape memory alloy with super-elastic properties. A
first through-hole 7 is produced, e.g. drilled, in the first
hollow block 1, the block 1 having a diameter d2 of
approximately 100 mm. The diameter d1 of the first hole 7
is approximately 30 mm.

To improve the flow behavior and to reduce tool wear
during formation, e.g. extrusion, a sliding layer 2 of a
friction-reducing material is applied to the surface of the first
hollow block 1 before formation. In the embodiment shown,
the sliding layer 2 comprises copper and was applied by
inserting the first hollow block 1 into a copper tube having
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a corresponding diameter. A copper layer can e.g. also be
applied by plasma jet or flame spraying.

The sliding layer 2 can also be made from glass or
another material. In comparison to the glass sliding layer
frequently used for extrusion, copper has the advantage that
it can also serve as a sliding layer in a subsequent cold
formation process, e.g. drawing. A glass sliding layer,
however, must be previously removed in order to protect the
shaping tools. The sliding layer 2 can also comprise other
materials, in particular graphite applied in the form of a
paste, or a ceramic substance applied in the form of sludge.

The total diameter d2 of the first hollow block 1, includ-
ing the applied sliding layer 2 (referred to below as the press
block diameter), is approximately 110 mm in the embodi-
ment shown. A sliding layer 2 could be omitted if the
formation tools (e.g. for extrusion) are made from a material
which does not tend to weld with the nickel titanium alloy
or if a formation method is selected which does not cause
welding.

A core 3 is inserted into the first hole 7 of the first hollow
block 1 to form a composite block 10, the diameter d3 of
which, including a separating layer 4 applied thereon (in the
following referred to as the core diameter), corresponds
essentially to the diameter d1 of the first hole 7. The core 3
also comprises a nickel titanium alloy. For this reason, it has
the same flow behavior during extrusion as the first hollow
block 1. Thereby, in accordance with an advantageous
further development, an alloy composition is selected for the
core 3 having a higher martensite-austenite transition tem-
perature than the alloy of the first hollow block 1. This is
advantageous for removal of the core 3 after formation, as
described below.

The core 3 stabilizes the first hollow block 1 during
formation into a first tube. Moreover, it defines the internal
diameter of the first tube, since its diameter is also reduced
during extrusion. For this reason, the core 3 advantageously
comprises a material which has similar or identical flow
behavior during formation, as the alloy of the first hollow
block 1. In this manner, the composite block diameter d2 and
the core diameter d3 are uniformly reduced during
formation, i.e. the relationship between cross-sectional sur-
face of the first hollow block 1, including the sliding layer
2, and the cross-sectional surface of the core 3, including
separating layer 4, remains essentially the same before and
after formation. This allows calculation of the external and
internal diameters of the resulting tube for predetermined
initial conditions (in particular composite block diameter d2,
core diameter d3, diameter of the die opening during
extrusion).

If the resulting tube has relatively thin walls, i.e. if the
cross-sectional surface relationship between tube and core 3
is small, it can be advantageous to also fashion the core 3
from a super-elastic alloy.

In an alternative embodiment, in particular for repeated
formation with a replaced core, the core 3 can comprise a
copper chrome alloy. This has a flow behavior similar to that
of the nickel titanium alloy in the first hollow block 1.

A temperature-resistant separating layer 4 of copper is
applied on the core 3 in order to prevent unreleasable
connection between the core 3 and the first hollow block 1
during formation. It can also contain other materials, in
particular graphite, talcum, a mixture of talcum or a ceramic
substance like e.g. aluminium oxide, magnesium oxide or
titanium oxide. The separating layer 4 prevents diffusion of
atoms between the core 3 and first press block 1 during
extrusion.

In a method variant, a core 3 is produced by a formation
method. To produce the core 3, a sliding layer 4a of copper
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is applied to a solid core press block 11 of a shape memory
alloy, shown in FIG. 2. The core press block 11 is shaped
using a conventional formation method, e.g. extrusion. The
extruded product is cut to length to form the actual core 3
(FIG. 3). The sliding layer 4a disposed on the outside
surface of the core 3 may thereby serve as a separating layer
4 for further processing. Alternatively, the core 3 can be
produced by the formation or extrusion method in accor-
dance with the invention.

The core 3 is inserted into the first hole 7 of the first
hollow block 1, as illustrated in FIG. 1. When the core press
block 11 has been punched out without sliding layer 44, an
additional separating layer 4 is applied to the resulting core
before insertion.

Formation by extrusion is illustrated in FIGS. 4 and §.
For extrusion, the composite block 10 of FIG. 1, comprising
the first hollow block 1 and the core 3, is heated to
approximately 900 to 950° C. and inserted into a heatable
block recepticle 16 of a press 15. The temperature depends
on the alloys used. The extrusion temperature for other
nickel titanium alloys can typically be between approxi-
mately 850 and 950° C. To improve uniform flow of the core
3 and the hollow block 1 in a composite block 10 having
different hollow block and core materials, these components
can be heated separately to different temperatures prior to
extrusion, subsequently combined, and then extruded
together into a formed composite block 12.

In pressing by direct extrusion (FIG. 4), the die 17 and
the block recepticle 16 are stationary. An extrusion die 19
moves downwardly in the direction of the arrow 21 and
exerts pressure on the composite block 10 which then moves
relative to the block receptacle 16 and is extruded through
the opening 18 of the die 17 as a shaped composite block 12.

In a preferred manner, the composite block 10 is fash-
ioned by indirect extrusion (FIG. 5). A die 17 is thereby
disposed on an end of a hollow die 20 and moves relative to
the block recepticle 16 and the composite block 10 inserted
therein due to the pressure of the extrusion die 19, to effect
extrusion. It thereby penetrates into the composite block 10
which is extruded through the opening 18 of the die 17 and
the hollow die 20 as a formed composite block 12. Indirect
extrusion has the advantage over direction extrusion that
essentially no differences in flow velocity occur during
extrusion between areas of the composite block 10 close to
the edge and further inwardly. This effects largely homoge-
neous material flow and counteracts undesired wall thick-
ness variations in the produced tube. Indirect extrusion is
therefore preferred due to the small pressing force required
and the improved material flow associated with the lack of
friction between the receptacle and the press block.

Using direct, indirect or another, e.g. hydrostatic extru-
sion or another formation method, a first tube is fashioned
from the first perforated hollow block 1 as hollow block 1a
and a reduced core 3¢ is fashioned from the original core 3,
both constituting components of the formed composite
block 12 (FIG. 6). A comparison between FIG. 1 and FIG.
6 shows that both the composite block diameter d2 and the
core diameter d3 are reduced by extrusion. One sees that the
pressing ratio was chosen such that the external diameter d4
of the formed composite block 12 essentially corresponds to
the core diameter d3. The pressing ratio is approximately
14:1 in this case. Due to the same formation behavior of the
core 3 and the first hollow block 1, the pressing ratio creates
a first tube la with an external diameter of approximately 30
mm and an internal diameter of approximately 8 mm. The
ratio between external and internal diameters is maintained
during extrusion.
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If these dimensions are already sufficient for subsequent
formation operations, the reduced core 3a can be removed
from the tube la after one formation step. For removal or
loosening of the reduced core 3a, the formed composite
block 12 is mechanically treated. The reduced core 3a is
thereby expanded at a temperature below the transition
temperature of the core material. With this temperature, the
tube 1a remains in the austenitic and thus elastic state, while
the reduced core 3a, in the martensitic range, is plastically
formed. Due to the tensile stress, the reduced core 3a
becomes longer (change of length up to 10%) and thinner
and can therefore be removed from the tube 1a. If the core
3 comprises a superelastic alloy, expansion preferably
occurs by clamping the reduced core 3a on one side and the
tube 1a on the other side. Further possibilities for loosening
the reduced core 34 in a mechanical manner are, in
particular, flex-leveling, rolling and hammering of the com-
posite block 12.

To remove or loosen the reduced core 3a, the composite
block 12 can also be subjected to a thermal shock treatment.
Thereby material or composition differences induce stresses
leading to release of the reduced core 3a in the tube 1a to
enable subsequent pulling out of same. When a non-nickel
titanium alloy core is used, the composite block 12 can also
be chemically treated for removing or loosening the reduced
core 3a. With a copper chrome alloy core, the composite
block is treated e.g. with nitric acid for dissolving or for
etching of the reduced core 3a without attacking the nickel
titanium tube. A combination of mechanical, chemical or
thermal methods of removing or loosening the reduced core
3a can also be used.

When suitable materials are used for the separating layer
4, the parts can be easily separated, e.g. by simple pulling.

To obtain even smaller external and internal diameters
for the first tube 1a, the composite block 12 can be cut to
length before removal of the reduced core 3a and inserted
into a second hole 8 produced in a second hollow block 5 of
a nickel titanium alloy to form the multiple composite block
13, shown in FIG. 7. The sliding layer 2 on the composite
block 12 from the first pressing operation can thereby serve
as a separating layer. If the composite block 10 was extruded
without a sliding layer 2, a separate separating layer is
applied to the composite block 12 before insertion into the
second hole 8. The outer surface of the second hollow block
5 whose external diameter dS, including sliding layer 6, is
approximately 110 mm, is also provided with a sliding layer
6 of copper. The diameter d6 of the second hole 8 corre-
sponds to the diameter d1 of the first hole 7 in the first
hollow block 1.

The resulting multiple composite block 13, comprising
the second hollow block 5 and the composite block 12 with
reduced core 34, is formed e.g. by means of extrusion, to an
external diameter d7 which corresponds essentially to the
diameter d6 of the inserted composite block 12 (FIG. 8). The
diameters of the second hollow block 5 and of the composite
block 12 are thereby reduced. The formed multiple com-
posite block 14 comprises a second tube 5a formed from the
second hollow block 5, the further reduced first tube 1a and
the further reduced core 3a. Since the same geometric
pressing ratio is used for extrusion as in the first pressing
step, the second tube 5a has an external diameter of approxi-
mately 30 mm and an internal diameter of approximately 8
mm, whereas the first tube 1a has an external diameter of
approximately 8 mm and an internal diameter of approxi-
mately 2.2 mm.

After formation, the reduced core 3a is removed as
described above. The concentric tubes 14, 5a of the multiple
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10

composite block 14, arranged within one another, are sepa-
rated. The tubes 1a, 5a thereby produced are available for
further formation. The formed core 3a can be used as wire
or be further processed.

The second formation step can be followed by one or
more further formation steps before separating the tubes 1a,
Sa and removal of the reduced core 3a of the multiple
composite block 14 to further reduce the tube diameters. The
reduced core, with one or more inner tubes, can thereby also
be removed and replaced by another core, as explained
above.

FIGS. 9 to 20 illustrate a method in accordance with the
invention for producing thin hollow profiles of nickel tita-
nium alloys, wherein the original material is divided into
three zones and the zone spaces are filled with non-metallic
powdery materials. Formation is carried out preferably by
extrusion, with an extruded pressed product being generated
which maintains the zone structure. The powdery material in
the zone spaces prevents contact between the individual
parts which can be separated, after formation, into tube-
shaped hollow profiles with different diameters and a solid
profile. FIGS. 9 to 20 show an embodiment comprising a
core and two tube-shaped hollow blocks disposed around the
core with respective gaps therebetween. Other variants can
comprise only one or more than two hollow blocks.

FIGS. 9 to 12 illustrate how a solid cylindrical nickel
titanium original material is divided into three zones, com-
prising the core 3, the first hollow block 1 and the second
hollow block 5. Division can preferably be effected by spark
erosion.

In the embodiment in accordance with FIGS. 9 and 10,
division is carried out by wire EDM. The original material
can thereby be cut about the circumference of the gap along
its inner and also outer diameter using a wire which is
thinner than the gap width. The wire EDM method has the
advantage that little waste material is produced, since a
compact recyclable sleeve having the dimensions of the
separating gap 23 or 24 is generated. Two different methods
are thereby possible. If the erosion wire is inserted along a
longitudinal bore into the original material, a compact tube,
closed about its circumference, is released out of the sepa-
rating gap 23 or 24. If, however, the wire is applied radially,
the piece separated from the original material forms a sleeve
with a longitudinal slit which can also be further utilized.

In cavity sink EDM (FIGS. 11 and 12), the cross-section
of the separating gap 23 or 24 is eroded. The electrodes are
thin-walled tubes of copper or copper alloy whose diameter
corresponds to the diameter of the separating gaps. During
erosion, the electrodes can be moved about and/or along
their longitudinal axis. In cavity sink EDM, the material in
the separating gaps 23, 24 is fine erosion waste. Cavity sink
EDM has the advantage, that, when the electrodes are not
completely guided through the original material, a bottom
remains at one end of the block which stabilizes the arrange-
ment. When the separating gaps 23, 24 are subsequently
filled with a material for the separating layer, this bottom
advantageously facilitates filling and prevents the filled
material from falling out. The bottom is shown at the
right-hand side of FIG. 12.

Wire EDM and also cavity sink EDM have the
advantage, compared to other methods such as drilling and
the like, that little nickel titanium waste is produced, since
only the material in the separating gaps 23, 24 or only part
of this material is wasted.

After separating the original material into a core 3, a first
hollow block 1 and a second hollow block 5, the separating
gaps 23, 24 are filled with powder to generate a composite
block 10 with three nickel titanium zones and two zone gaps.
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FIGS. 13 to 16 show such finished composite blocks 10
which are prepared for pressing. They are surrounded by a
sleeve 25 of copper to prevent direct contact between the
nickel titanium of the second hollow block 5§ and the die
during extrusion and associated welding between the nickel
titanium and the tool steel. Towards this end, the end faces
of the composite blocks 10 are also provided with a disc 26
made from a highly rigid copper alloy.

To prevent escape of the powder located in the separating
gaps 23, 24, the block end is closed with a second disc 27
made from a copper alloy having high rigidity. Guiding
pieces 22 fill the separating gap 23, 24 or portions thereof
proximate the block ends to mechanically fix and stabilize
the arrangement. They can be formed e.g. on the second
discs 27 (see FIGS. 14 and 16). The disc 26 of FIG. 14 also
has guiding pieces 22, since the separating gaps 23, 24
penetrate completely through the material. In FIG. 16, the
right-hand block end is stabilized by bridges remaining
following cavity sink EDM.

The powder material used for filling the separating gaps
23, 24 preferably consists of hard, temperature-resistant
metal oxides such as e.g. aluminium oxide powder which
facilitates sliding during the formation process during which
the shape of the nickel titanium material is changed, without
plastic formation of the oxide particles.

FIG. 17 illustrates heated formation of the prepared
composite block 10 for extrusion into an extruded product.
Direct and also indirect extrusion methods are possible.
Indirect extrusion is preferred (FIG. 17). The composite
block 10 is inserted into the block receptacle 16 and moved
by the pressing operation, wherein the block receptacle 16
and the extrusion die 19 move together with the composite
block 10 to be pressed in the direction of the extrusion die
17, seated on a hollow die 20, and pressed against the
extrusion die 17 for shaping into a formed, extruded product,
composite block 12.

FIG. 18 shows separation of the individual parts con-
tained in the formed composite block 12 by pulling them out
to thereby obtain the desired formation products comprising
a reduced core 3a of solid round profile, a formed hollow
block 1a of tubular shape and a formed second tubular
hollow block 5a. In one single formation process, two or
more tubular formed products of different sizes and a solid
profile side product are produced. The material waste and
the preparation effort are low. A costly preparation step for
separating the individual parts can also be omitted. The
powder inserted into the separating gaps 23, 24 can usually
be re-used.

FIGS. 19 and 20 show a numerical example of a method
in accordance with the invention according to FIGS. 9
through 18, wherein a nickel titanium press block divided
into three zones is separated into three extruded products
following heated shaping by extrusion, wherein the diam-
eters and wall thicknesses of the individual parts are
reduced. Extrusion of a composite block 10 having a diam-
eter D, of approximately 110 mm, using a block receptacle
having a diameter of 110 mm, and a die having a diameter
of approximately 26 mm gives a pressing ratio of approxi-
mately 18:1. In other words, the ratio between the cross-
sectional area of the composite block 10 to be extruded,
which corresponds to the cross-sectional area of the block
receptacle, and the cross-sectional area of the composite
block 12 formed into an extruded product, which corre-
sponds to the cross-sectional area of the die opening, is 18:1.
During extrusion of a nickel titanium press block comprising
several zones, the individual zones and zone gaps are also
formed with a pressing ratio of 18:1.
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The dimensions shown in FIGS. 19 and 20 for the
individual zones in the composite block 10 and of the
formed composite block 12 are approximately as follows:
D, 110 mm, D, 108 mm, D; 89 mm, D, 76 mm, D, 63 mm,
D4 51 mm, D,; 26 mm, D,, 25.5 mm, D55 21 mm, D,, 18
mm, Ds5 15 mm and Dy 12 mm. This numerical example
does not take into consideration possible further compres-
sion of the separating layer powder material contained in the
separating gaps 23, 24 during extrusion which could lead to
slight deviations in the product dimensions. This effect can
be compensated for with a corresponding change in the
diameters of the individual zones of the composite block 10.

After separating the formed composite block 12 into
individual parts, the following products are produced: the
reduced core 3a which is a round full profile of diameter
Dg; the formed first hollow block 1a which is a tube having
an external diameter D,, and an internal diameter Dyg; the
formed second hollow block 5a which is a second tube Sa
having an external diameter D,, and an internal diameter
D5;. The formed composite block 12 is surrounded by an
approximately 0.25 mm, thin copper layer (diameter D,;)
when a copper sleeve 25 is used.

List of References

1 first hollow block

1a formed hollow block

2 sliding layer on 1

3 core

3a reduced core

4 separating layer

44 sliding layer on 3

5 second hollow block

5a second tube

6 sliding layer on 5

7 first hole

8 second hole

10 composite block

11 core press block

12 formed composite block
13 multiple composite block
14 formed multiple composite block
15 press

16 block receptacle

17 die

18 opening of the die

19 punch

20 hollow die

21 direction of arrow

22 guiding piece

23 separating gap

24 separating gap

25 sleeve

26 disc

27 second disc

dl1 diameter of 7

d2 diameter of 1 including 2
d3 diameter of 3 including 4 or 4a
d4 diameter of 12

d5 diameter of 5§ including 6
d6 diameter of 8

d7 diameter of 14

What is claimed is:

1. Method of producing hollow profiles having small
external diameters and/or small wall thickness from a nickel
titanium alloy by shaping a composite block, wherein

in a first step, a composite block is formed comprising a

solid core of nickel titanium alloy, a first hollow block
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of nickel titanium alloy surrounding the core, and a
separating layer disposed between the first hollow
block and the core,

in a second step, the composite block is shaped by a

formation method, and
in a third step, the first hollow block shaped into a first
hollow profile, and the shaped core are removed from
the shaped composite block, characterized in that

either the composite block is formed with one or more
additional hollow blocks which are placed around the
first hollow block and which each comprise a separat-
ing layer between neighboring hollow blocks and, in
the second step, the composite block comprising sev-
eral hollow blocks and the core is shaped, or,

following the second and before the third step, the shaped
first composite block is inserted as a core into an
additional hollow block of a nickel titanium alloy,
wherein the second composite block formed in this
fashion comprises a separating layer between the core
and the additional hollow block, and, subsequently, the
second composite block is shaped by a formation
method, and, subsequently, in the third step, the addi-
tional hollow block, shaped into a hollow profile, the
additional shaped first composite block and the addi-
tional shaped core are removed from the shaped second
composite block.

2. Method according to claim 1, characterized in that the
composite block is shaped by an extrusion method, wherein
the composite block is inserted as a heated press block into
a block receptacle of a press and is extruded through the
opening of a die via the pressure of an extrusion die.

3. Method according to claim 2, characterized in that the
composite block moves relative to the block receptacle
during extrusion.

4. Method according to claim 2, characterized in that the
die is disposed at a tip of a hollow die and moves relative to
the block receptacle and the inserted composite block during
extrusion of the composite block.

5. Method according to claim 2, characterized in that the
composite block is heated up for extrusion to a temperature
between 850 °C. and 950 °C., preferably between 900° C.
and 950° C.

6. Method according to claim 1, characterized in that the
composite block is formed by warm drawing, cold drawing,
rolling, round-hammering or pilger method.

7. Method according to claim 1, characterized in that the
composite block is formed by inserting the core into the first
hollow block, in particular into a hollow profile, and pref-
erably into a tube.

8. Method according to claim 1, characterized in that the
composite block is formed by sliding several hollow blocks,
in particular hollow profiles and preferably tubes, into one
another.
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9. Method according to claim 1, characterized in that a
hole is drilled or milled into a block or through a block to
produce a hollow block having a hole for insertion of the
core.

10. Method according to claim 1, characterized in that the
composite block, a hollow block, or the core are formed by
cavity sink EDM or wire EDM of a solid nickel titanium
block, a nickel titanium hollow block or another nickel
titanium workpiece.

11. Method according to claim 1, characterized in that
prior to separation of the shaped hollow blocks and the core,
the insertion of a resulting shaped composite block into an
additional hollow block of a nickel titanium alloy and the
shaping of the composite block formed in this fashion are
repeated once or a plurality of times.

12. Method according to claim 1, characterized in that in
the second step, the composite block is shaped to a diameter
which corresponds essentially to the diameter of the core
prior to the second step, such that the shaped composite
block can be inserted as a core into an additional hollow
block having the same core diameter as the first composite
block.

13. Method according to claim 1, characterized in that the
shaped composite block is mechanically treated, subjected
to a thermal shock treatment or chemically treated for
removing a hollow profile or the core.

14. Method according to claim 1, characterized in that,
prior to formation, a core in a composite block has a
diameter between 10 mm and 60 mm, preferably between 20
mm and 40 mm.

15. Method according to claim 1, characterized in that,
following a shaping step, a composite block has an external
diameter less than 40 mm, preferably less than 25 mm.

16. Method according to claim 1, characterized in that a
hollow block and/or the core are made from a nickel
titanium alloy having superelastic properties or from a shape
memory alloy.

17. Method according to claim 1, characterized in that the
core is made from a nickel titanium alloy having a higher
martensite-austenite-transition temperature than the alloy of
the hollow block.

18. Method according to claim 1, characterized in that the
nickel titanium workpiece is treated with a spark erosion
method, in particular by means of cavity sink EDM or wire
EDM, for removing or separating a core or a hollow profile
from a block.
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